Background: Advances in arthroscopic surgery have resulted in biomechanically stronger repairs that might allow for accelerated rehabilitation protocols and hence faster return to play. Evidence for such regimes in the shoulder, particularly in elite athletes, is lacking. Methods: This prospective single surgeon (PB) series included 34 professional footballers undergoing an accelerated rehabilitation programme following arthroscopic soft tissue stabilization subsequent to traumatic anterior shoulder dislocation. Data were collected on time to regain elevation range, external rotation range, return to play and rate of recurrence.
Introduction
Arthroscopic shoulder surgery has progressed markedly over the past 20 years 1 and surgical preference for arthroscopic versus open stabilization has almost quadrupled in the UK in the last 10 years. 2 Developments in the strength and technology of implants and less invasive surgical procedures have allowed the potential to shorten the recovery period and hence the return to play times for patients; however, there is currently little evidence to support this in the shoulder. Although accelerated rehabilitation regimes are well described in the knee, 3, 4 there is a lack of commensurate investigation with respect to the shoulder and, more specifically, stabilization surgery.
Traditional rehabilitation regimes post arthroscopic stabilization commonly stipulate a period of immobilization of between 2 weeks and 6 weeks. 1 This is apparently embedded in practice and is reportedly based on tissue healing times. 5 In the case of labral surgery, however, the development of stronger implants and specifically suture anchors, together with advances in surgical technique, 1, 6 all potentially challenge such a conservative approach to management. It is well reported that deficits in external rotation, strength and proprioception are associated with poor long-term outcomes. [7] [8] [9] Because prolonged periods of immobilization have been shown to result in stiffness, reduction in strength and proprioception, 10, 11 rehabilitation regimes that enable early instigation of exercises to address these factors may have the potential to improve longterm outcomes and accelerate return to function.
The elite and professional sporting population pose a particular challenge as a result of long return to play times (and consequently the increasing pressures to reduce these), higher reported recurrence rates and problems with athletes returning to their previous level of performance. 9 In male athletes, aged less than 25 years, with a first-time traumatic anterior dislocation, the risk of recurrence without surgery is reportedly as high as 90-95% with progressive injury patterns of the antero-inferior capsular-labrum-ligamentous complex. [12] [13] [14] Surgery continues to be the recommended treatment of choice for this patient group; 6 however, there is a lack of evidence to guide or support the application of accelerated rehabilitation protocols in this group. The present study aimed to prospectively evaluate the efficacy of an accelerated rehabilitation regime for professional footballers undergoing early arthroscopic stabilization for first-time anterior dislocation in terms of clinical outcome, return to play data and recurrence rates.
Materials and methods
This was a prospective single surgeon (PB) series including 34 professional footballers (predominantly playing for football clubs in the Premiership) who were operated on between 2005 and 2013. Players were included based on their history of a clear mechanism of injury resulting in traumatic anterior dislocation, with clear evidence of labral injury confirmed on magnetic resonance imaging. Some 82% of players (n ¼ 28) were operated on acutely, at a mean of 9 days post injury (range 2 days to 21 days). The remaining players had surgery over 6 months following their original injury; this was as a result of the deliberate timing of surgery out of season or an original good response to conservative management. The mean age of subjects was 23 years (range 17 years to 33 years); however, 60% of subjects were aged 21 years or under. Players were followed up for a mean of 4.8 years (range 2 years to 10 years). Outcome measures recorded were time to regain elevation range, time to regain external rotation range, time to return to play and rate of recurrence. In addition, the Beighton score was measured pre-operatively and glenohumeral joint laxity was assessed under anaesthetic at the time of surgery.
Intra-operative findings confirmed that 44% of players had a Bankart lesion extending from 12 to 6 o'clock and 56% from 2 to 6 o'clock. Some 81% of subjects had a small to moderate non-engaging Hill-Sachs lesion. Three patients had a glenoid labrum articular disruption and three had a bony Bankart lesion that involved less than 5% of the articular surface.
Operative technique
The operative technique was standardized. All labral repairs were performed by a single surgeon (PB) using suture anchors. After mobilization of the labrum, the capsule and labral remnant were repaired using a nonabsorbable GII (DePuy Mitek, Raynham, MA, USA) metal anchor loaded with Orthocord inferiorly and supplementary anchors above. Typically, two further anchors were used and these tended to be absorbable [Bioknotless or Lupine anchors (Mitek) or Pushlock (Arthrex, Naples, FL, USA)]. Excess capsular tissue was incorporated in the repair to correct any capsular laxity. The repair was assessed intra-operatively to determine when, in external rotation, the repair came under tension.
Postoperative rehabilitation
The postoperative rehabilitation regime involved early active supported mobilization from the second postoperative day. The term 'accelerated' relates to the early instigation of active mobilization: rehabilitation aimed to facilitate the early restoration of range of movement, strength and proprioceptive abilities to ensure early safe return to play. To achieve this, a safe zone of mobilization was stipulated by the surgeon, which was based on the passive range achievable without undue stress on the surgical repair (observed intra-operatively). In general, this enabled patients to mobilize up to 120 to 140 of elevation anterior to the scapula plane and to 50% of their pre-operative external rotation range in neutral elevation. The surgeon ensured that the physiotherapist was informed regarding soft tissue status and the presence of inflammation together with any other significant preoperative findings. Closed kinetic chain exercises, isometric exercises and through range recruitment exercises (incorporating the kinetic chain) were also instigated in the first week postoperatively. Players were still asked to wear a sling for between 2 weeks and 3 weeks without a waistband.
Exercise progression was based on pain, scapula congruence, movement pattern and passive range of movement: patients had to achieve specific goals before they were able to progress to the next phase. Although approximate timescales are detailed in Figure 1 , these are based on the specific experience with this series of patients. In reality, the phases are not time-specific but patient specific and goal driven. The rehabilitation programme ( Figure 1) is not intended to be prescriptive but is a guide to delineate key inclusions in the rehabilitation process. Specific exercise selection was individualized according to the player's injury history and playing position. Communication between the surgeon, player and physiotherapists was paramount in optimizing progression rates. The club physiotherapists were responsible for supervising rehabilitation; however, a physiotherapist specializing in shoulder rehabilitation (JG) reviewed patients at regular intervals and advised regarding progression parameters.
Results
Thirty-four professional footballers (position played at time of dislocation illustrated in Figure 2 ) undergoing primary arthroscopic stabilization were followed up for a mean of 4.8 years (range 2 years to 10 years). The mean return to play time was 11 weeks (range 9 weeks to 14 weeks). There was a consistent trend of faster return to play times over the study period, decreasing from 14 weeks to 9 weeks. Players regained full range of forward elevation at a mean of 5 weeks (range 3 weeks to 7 weeks) and external rotation range (in neutral) at a mean of 6 weeks (range 4 weeks to 8 weeks).
Three players (9%) reported a further dislocation at a mean of 19 months (Table 1 ). In two players, this was associated with a further significant trauma and occurred 2 years after surgery. In the third player, failure occurred at 8 months post surgery and was associated with a low velocity training injury during a tackle. This individual was identified as having glenohumeral joint laxity (bilaterally) and a Beighton score of 5 out of 9. All of the players who suffered a recurrence of instability were aged less than 20 years. On liaison with the club physiotherapists, it appeared that all three players had ceased to do specific cuff/scapula recruitment exercises after approximately 6 months postoperatively because their shoulders felt 'normal'. They had returned to usual strength and conditioning training. Two of the players had suffered hamstring injuries in the contralateral lower limb during the 6 weeks preceding the recurrence of shoulder instability.
Discussion

Accelerated rehabilitation
The term 'accelerated rehabilitation' was utilized in the present study for the purposes of comparison with the current literature. In reality, the reported studies relating to accelerated rehabilitation in post-stabilization patients essentially involve early mobilization within a restricted range of movement. 15, 16 The prospective randomized trial by Kim et al. 15 is one of only two studies to specifically report the effectiveness of an accelerated rehabilitation regime following arthroscopic Bankart repair. However, their study excluded the elite sporting population and only included patients with a small Bankart lesion limited to 1 cm above the mid-glenoid notch: Kim et al. 15 allowed early mobilization up to 90 of elevation until week 3 and then mobilization was progressed as the symptoms allowed. Law et al. 16 retrospectively evaluated the surgical outcomes of young active patients with arthroscopic Bankart repair within 1 month after first-time dislocation. In their study, there was a standardized mobilization programme, which allowed elevation within the limits of pain from 3 days postoperatively. Combined movements were allowed from week 4 with the introduction of strength training at 6 weeks. The focus of both of these studies was on the early restoration of elevation range and early instigation of active external rotation.
In both studies, the advantages of accelerated rehabilitation were reported as lesser postoperative pain, earlier gain of shoulder motion, earlier return to functional activity and better patient satisfaction with postoperative care. However, neither paper was specific to an elite sports population. The term accelerated in the current shoulder literature shoulder relates specifically to the instigation of early mobilization within a restricted range of movement. In our series, 'accelerated' would perhaps be better represented by terms such as 'enhanced' or 'optimized': the aim of early mobilization within a zone that prevented compromise of the surgical repair was to enable the early application of strength and proprioceptive training and was tailored to individual players.
Timing of surgery and patient population
As a result of the elite nature of the players included in the present study, 82% were operated on within 9 days of injury. A prerequisite of surgery was that players had regained full range of elevation movement post dislocation. Early intervention potentially reduces the consequences of injury with respect to strength and proprioceptive deficits and therefore potentially facilitates an earlier return to play. The literature is clear that an increased number of recurrent dislocations and a lengthier time to surgery are factors associated with increased risk of failure. 17 However, it is of note that there was no statistically significant difference in return to play time between those players who were operated on acutely and those in whom surgery had been delayed. Importantly, however, within this specific population, all of those with a delay to surgery had had consistent physiotherapy input during the presurgical period to minimize the consequences of injury.
The implementation of an accelerated approach to postoperative rehabilitation in the present study was purposely undertaken in an elite football population. The elite athlete benefits from an increased level of therapy intervention and supervision and is clearly likely to be highly motivated. In addition, conditioning, baseline strength, performance parameters and healing capacity are likely to be far greater than in a non-elite population. There is no doubt that the football players included in this series had a high level of supervision; nonetheless, the same rehabilitation principles have subsequently been adopted in the non-elite (National Health Service based) population with promising effect. Early mobilization within a safe zone, combined with the rehabilitation protocol shown in Figure 1 , has resulted in a comparable downward trend in return to sport rates in the non-elite population. This is despite a more limited physiotherapy input (commonly, once a week intervention). It is also of note that original study by Kim et al. 15 was specifically in the non-athletic population. Patient selection within the non-elite population is paramount because compliance is an essential requirement of early mobilization regimes.
Return to play times and level of performance
The delineation between contact and non-contact athletes is key when comparing the findings of different studies and it is of note that, in the current literature, football (or soccer) is commonly included in the contact or collision group. Clearly, this is open to debate and the relative risk of sustaining a shoulder dislocation playing football (2% to 4% 18 ) compared to a sport such as rugby (20% 19 ) is significantly less. However, although the football population is at less risk of shoulder injury, there is an equivalent impact in terms of days lost to play 18 . Furthermore, the incidence of significant shoulder injuries requiring surgery, most commonly relating to dislocation, has increased in professional football over the last decade. 20 In those reported series specifically including the sporting population, rehabilitation regimes are commonly conservative. Stein et al. 8 delayed mobilization for 4 weeks and placed continued restrictions on external rotation range until 3 months postoperatively. In their study, the mean return to play was 6.5 months. In the study by Castagna et al. 13 involving adolescent athletes, patients were immobilized for 4 weeks before commencing active mobilization. Strength training was introduced at 8 weeks. Athletes were allowed back to sport at 5 months postoperatively. Studies consistently report return to play times of between 5 months and 9 months in the collision sports population. 21, 22 The majority of studies include a heterogeneous group of sports and sub-group them according to upper limb demands.
Hart et al. 20 provide the only study to date to specifically report return to play times in a football population. Although their study incorporated a heterogeneous group of injuries, shoulder dislocation requiring surgery was the most common. They report that players could expect to return to play in less than 12 weeks. Although the specifics of rehabilitation are not reported, it is of note that the senior author in study by Hart et al. 20 advocates early mobilization within a stipulated safe zone. The present study is the first to prospectively study an elite group of professional footballers specifically undergoing arthroscopic Bankart repair surgery.
It is recognized that a percentage of elite athletes fail to achieve pre-injury performance levels following stabilization surgery. 23 In the present study, all players returned to play with their clubs, in their previous position and continued to play at their pre-injury level.
Further to the present study, we have observed a continued downward trend in return to play times with several athletes returning to play in less than 8 weeks. This highlights the importance of robust return to play measures. One of the fundamental challenges of ensuring safe return to play is the lack of sports specific testing procedures and a dearth of normative date regarding strength ratios and other measures. It is clear that isolated performance tests lack validity to predict injuries and therefore a battery of tests, reflecting the specific functional demands of the individual, gives the best value. We have employed a comprehensive set of functional tests incorporating range of movement, strength, fatigue resistance, perturbation control applied both to the shoulder and the rest of the kinetic chain, together with psychological and extrinsic considerations, to ensure that the athlete is fit to return to play. This is clearly a decision that is made with the surgeon, physiotherapist, player and coaching staff.
Recurrence rates
A key aim in evaluating the accelerated rehabilitation programme was to ensure that an early return to play was not reflected in an increase in recurrence rate.
Young age (<25 years), male sex and sporting participation are three of the most significant risk factors in predicting recurrence. 24, 25 Reported failure rates in collision athletes, following arthroscopic soft tissue stabilization surgery, range from 5.1% to 28.6%. 8, 13, 26 In addition, the results of long-term studies have emphasized that recurrence is frequent even 2 years after surgery and a longer follow-up is needed to reveal the real recurrence rate after arthroscopic Bankart repair. [27] [28] [29] In the present study, at a mean of 4.8 years follow-up, the recurrence rate was 9%; the three players suffering recurrence of instability were all aged under 20 years. This recurrence rate compares favourably with recurrence rates reported in other studies of professional sportsmen. 8, 13, 26, 27 Limitations Deficits in external rotation range of movement, strength and proprioception have been well reported as factors associated with poor long-term outcomes following arthroscopic stabilization surgery. 7, 8, 29 The aim of the rehabilitation protocol outlined in the present study was to optimize active range of movement early in the rehabilitation process to enable the implementation of specific rehabilitation strategies addressing strength and proprioception. Although the early emphasis was on mobilization within a safe zone, this enabled early active mobilization and muscle recruitment into risk positions (the 'danger zone'). A clear limitation of the present study is that strength and proprioceptive measures to evaluate the efficacy of exercise intervention were not formalized. Strength measures had been routinely collected by the majority of club physiotherapists involved in the treatment of players, however we did not standardize the way in which they were measured and so they are not reported here. Nonetheless it was a prerequisite of return to play that players strength parameters matched previous performance levels and were equivalent to the opposite limb in test positions.
Further considerations
A review of the three players who reported a recurrence of instability following a further injury revealed that players had discontinued some of the remedial shoulder rehabilitation exercises once their shoulder felt 'normal'. Players were encouraged to continue simple recruitment exercises to reinforce the optimal timing of the rotator cuff and scapula muscles after they had returned to play. In addition, two of the players reported the occurrence of a lower limb injury in the weeks preceding shoulder recurrence. The persistence of proprioceptive and performance deficits for up to 2 years post stabilization surgery has been well documented. [30] [31] [32] However, without formal measurement of these parameters and a comparison of compliance with those players who did not 'fail', it is difficult to determine the efficacy of exercises that specifically aim to optimize efficiency of the dynamic stabilizers and sensorimotor system. The role of the kinetic chain and its impact on shoulder performance has received increasing interest in the literature. 33, 34 Unfortunately, without standardized measures of strength and shoulder performance in this patient group (and a comparison of incidence of lower limb injuries in nonfailed players), it is not possible to truly evaluate the role of lower limb injury in predicting recurrence. It is clear that, in future studies, standardized and validated measures should be incorporated as part of follow-up to determine the efficacy of specific rehabilitation exercises and to monitor the performance of the shoulder after return to play.
Conclusions
Arthroscopic Bankart repair combined with an accelerated rehabilitation regime achieves early return to play rates in a professional football population at a mean of 11 weeks. The recurrence rate at a mean follow-up of 4.8 years was 9%, which compares very favourably with other series of professional athletes for which more conservative rehabilitation approaches are employed. Communication between the surgeon and physiotherapist is essential in optimizing progression rates.
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